Investigating factors that could affect milk production of cows is an important way to improve the efficiency of production systems. The purpose of this study was to verify and quantify the influence of calf sex on milk production and lactation length in herds of Holstein, Gir, and Guzera cows. Data from 10,780 lactations of 4,807 Holstein cows that calved between 2001 and 2013; 18,898 lactations of 13,172 Gir cows that calved between 1985 and 2013; and 5,277 lactations of 3,972 Guzera cows that calved between 1987 and 2013 were used. Both the accumulated 305-day milk yield (P305) and the length of the lactation period up to 305 days (DL305) were evaluated. Analysis of variance was performed by the least squares method using the GLM procedure in the SAS statistical program. The P305 was not influenced by the sex of the calf in the Holstein breed. However in the zebu breeds (Gir and Guzera), both P305 and DL305 were significantly affected (P < 0.01) by the sex of the calf, with higher production and average length of lactation in cows that calved males. In addition, a significant difference was also nested within sex of calf and age at first calving (P < 0.05) in the Gir breed. The results indicate that for the zebu breeds, calf sex influences production characteristics. Key words: Milk production. Lactation. Lactation length.
Introduction
Purebred and crossbred Holsteins from mild climates are frequently used in production systems in Brazil, and for many years, this breed has undergone selection to increase its productivity. Among the zebu breeds, the Gir and Guzera are most commonly utilized in Brazil and have also undergone selection processes focused on milk production.
In dairy farming, the performance of lactating cows is directly related to the efficiency of the production system itself. Thus, studies have investigated various factors that influence productivity indices, such as genetic and environmental factors and their interactions, given the differences between different breeds and among herds.
In the past few years, significant effort has gone into analyzing the influence of the sex of the fetus on lactation in humans, monkeys, deer, rodents, marsupials, and cattle (HINDE et al., 2014) . The influence of calf sex on milk production in cows has been a particular focus of research; however, the results have been controversial.
Various hypotheses have been proposed, one of which refers to the variation in fetal and placental hormone production according to the sex of the calf, and its influence on cell growth in the mammary gland (HINDE et al., 2014) . The genotype of the calf, and its resulting temperament and conduct, can also influence milk production (RICHARDSON et al., 1977) since the more a calf nurses, the more it stimulates milk production in its mother (RIBEIRO et al., 1991) .
Taking these studies into consideration, several issues have arisen; e.g., whether the sex of the calf influences milk production (OLIVEIRA et al., 2007) . The study of this influence on domestic [Brazilian] herds could have important implications on the management and selection guidelines for these animals. Environmental factors can interfere and mask this influence, and there are significant differences in environmental conditions between the countries where the other studies were conducted and Brazil.
The aim of this study was to determine the existence of the influence of calf sex on milk production in Holstein herds and its quantification, and on milk production and duration of lactation in the Gir and Guzera breeds.
Materials and Methods
Data from three specialized dairy breeds were used in this study. For the Holstein breed, data were collected on 10,780 births to 4,807 cows between April 2001 and October 2013, along with the sum of their lactations. The study was conducted at Fazenda Santa Rita -Agrindus de Descalvado in the State of São Paulo, Brazil. To assess the production variable of accumulated milk in 305 days (P305) in Holsteins, a linear model was constructed with constants being contemporary groups (CG), sex of calf, milking yield, and order of birth. The duration of lactation was regarded as a linear covariate in the model. The contemporary groups were defined by concatenating the year and the month that the cows gave birth, and were constrained by a minimum of five observations per CG.
For the Gir breed, data from 18,898 deliveries by 13,172 cows between 1985 and 2013 were evaluated. For Guzera, data were analyzed from 5,277 deliveries by 3,972 cows between 1987 and 2013. The data from both zebu breeds were acquired from the Brazilian Association of Zebu Breeders (ABCZ). The variables, P305 and duration of lactation up to 305 days (DL305), were evaluated using a linear model with the following constants: sex of calf, contemporary group (herd, year, and season of delivery), and effect of the linear and quadratic regression of P305 and DL305 over the age of the cow at the time of delivery, nested in calf sex. Physiological maturity was regarded as the point at which each breed reached peak production.
In all analyses, we used the least squares method using the GLM procedure in SAS (SAS, 1999) . The estimated means of milk production and DL for the sex of the calf were compared using a Tukey's test and were considered to be significant at P < 0.05.
Results and Discussion
The mean P305 observed in the Holstein herd was 10,067.2 kg. In Gir, the mean P305 was 3,386.8 kg (Table 1) , which is higher than the 2,846.95 kg reported by Prata et al. (2014) for this breed. In Guzera, the observed mean was 2,046.5 kg, which is lower than the mean production of 2,170.24 kg per lactation reported by Herrera et al. (2008) . The variation coefficient (VC) for P305 in Holsteins was 18.3%, which is lower than the 29.9% reported by Ferreira et al. (2003) . A possible explanation for the lower estimated VC could be the use of production data from a single herd. On the other hand, the VC for Gir was 32.2%, which is lower than the 45.71% reported by Gama et al. (2013) . The P305 VC for Guzera was 41.9%, which is higher than that found by Cruz et al. (2009) for 275-day milk production. The variation coefficient indicates variation relative to mean production, and one potential explanation for the high values found is the absence of production uniformity among the herds studied, given that they came from different farms.
The estimated P305 means for the Holstein herd were 9,800.79 kg and 9,802.95 kg for cows that gave birth to males and females, respectively, with no significant difference in accumulated milk production based on the sex of the calf (Table 1) . A study on Holsteins by Hinde et al. (2014) reported higher milk production among cows that calved females and influence of the sex of the fetus not only on lactation after delivery but also on milk production in subsequent lactations. In other words, heifers that gave birth to female calves (Gestation 1) had higher milk production than did those that calved males, and milk production following the birth of their next calf (Gestation 2) was influenced by the sex of the calf from the previous gestation, since lactation and gestation overlap. Physiological factors inherent to gestation and lactation can interfere with milk production when a cow is carrying a female calf, including the average weight at birth and possible association with dystocia as well as the presence of fetal hormones that influence the functioning of the mammary gland via maternal circulation (HINDE et al., 2014) . However, environmental factors, such as the use of drugs to stimulate milk production, can mask the effect of the offspring's sex. The number of animals studied from a single property alone may not have been sufficient to identify this effect.
Significant differences for the effect of calf sex (P < 0.01) were observed in the Gir and Guzera herds. Heifers that calved males produced more milk than those that calved females did. In Gir, the estimated P305 means for heifers that calved males and females were 3,565.6 and 3,492.3 kg of milk, respectively. In Guzera, the estimated means for milk production in cows that calved males and females were 2,075.86 kg and 1,982.22 kg, respectively.
Previous studies have shown no effect of calf sex on milk production (ESPASANDIN et al., 2001 ); higher production in cows nursing females (RODRIGUES, 2012; HINDE et al., 2014) , in cows nursing males (RESTLE et al., 2003) , and in cows nursing heavier calves, regardless of sex (RUTLEDGE et al., 1971; ROBISON et al., 1978; PIMENTEL et al., 2006) ; and yearly alternation between the sexes. JEFFERY et al. (1971) demonstrated an interaction between the year and the sex of the calf in terms of milk production, with a greater yield in heifers that calved females. However, upon analyzing the same herd's production the following year, they determined that milk production of cows that calved males was higher than those that calved females. These studies demonstrate the lack of agreement on the effect of sex of offspring on milk production. Mendonça et al. (2002) concluded that the weight of a calf at birth has a greater influence on the amount of milk produced than its sex does, given that heavier calves consume a larger quantity of milk and are responsible for greater production of placental hormones related to lactation, which consequently increase the stimulus to produce milk. However, we could not substantiate this hypothesis given the lack of recorded calf weights in the data archive used in this study.
The age of the heifer at the time of calving is one of the main factors affecting milk production and significantly influences P305 (P < 0.01) (TEODORO et al., 2000; RESTLE et al., 2003; RANGEL et al., 2009) . A greater degree of physiological maturity, which is related to the development of the mammary gland (REECE, 2007) and also to body size, results in higher milk production due to the greater capability for food intake (RAIDAN et al., 2015) .
In the present study, we noted that Gir cows reach physiological maturity at the age of 104 months (Figure 1) , which is higher than the number reported by Martinez et al. (1992) , which is between 93 and 98 months of age. The Brazilian Association of Gir Breeders (ABCGIL) uses 93 months as the benchmark for physiological maturity in its genetic upgrading program. Thus, the mean age at which Gir cattle reached physiological maturity in this study was higher than the age used in genetic upgrading programs for the breed. Physiological maturity in the Guzera breed for P305 occurred between 94 and 104 months (Figure 2) , corroborating fi ndings by Rangel et al. (2009) , who suggested that milk production was highest in heifers at their fi fth calving, and by Theodore et al. (2000) , who found that milk production peaked around 100 months of age. The eff ect of calf sex nested in the cow's age at calving was examined in both zebu breeds, and a signifi cant diff erence between the trends was noted (P < 0.05). In Gir, the estimated regression coeffi cients for heifer age at calving described a quadratic relation with a peak in production occurring at 104 months of age (Figure 1) , and in Guzera, the estimated regression coeffi cients for heifer age at calving showed a peak in production between 94 and 104 months of age (Figure 2 ). Cows that gave birth to females reached physiological maturity slightly sooner than those that gave birth to males.
Figures 1 and 2 demonstrate the distinguishing features of milk production of cows calving males and females, nested in the cow's age at calving, which has the clearest eff ect in Gir. The diff erence between milk production of cows that calved males and females remained practically constant as the cow's age at calving increased. However, for Guzera, the diff erence in milk production according to sex was more pronounced as the cow approached physiological maturity.
For the DL305 variable, signifi cant diff erences in the eff ect of sex of calf (P < 0.01) were observed in Gir and Guzera herds. Heifers that calved males had longer-lasting lactations than those that calved females did, in contrast to the results obtained by Santos et al. (1990) and Barbosa et al. (1997) , who did not fi nd any diff erence between the sexes in the duration of lactation.
In Gir, the mean DLs for heifers that calved males and females were 302.4 days and 298.1 days, respectively. The mean observed for the Gir herd (296.4 days) was greater than the means reported by Herrera et al. (2008) and Prata et al. (2014) for the same breed. The estimated mean DL in Guzera was 244.2 days for cows that calved males and 237.1 days for cows that calved females, and the mean observed for the herd (241.4 days) was lower than that found by Verneque et al. (2008) and by Rangel et al. (2009) .
The DL was infl uenced by the age of the cow at calving only in Gir (P < 0.01) ( Table 1 ). The eff ect of the calf's sex nested in the cow's age at calving (P > 0.01) was also signifi cant in Gir (Figure 3) . The trend for cows that calved males was practically linear, with declining duration of lactation up to 144 months. The trend for cows that calved females showed a sharper curve, with minimum lactation durations observed at 114 months, after which the duration increased again. Younger cows showed longer lactation durations than older cows did. This is due to the fact that the longest duration seen in the fi rst lactation is related to the longest period of service, since these animals are still growing and need to allocate nutrients for their development, milk production, and potential reproduction. Similar results were found by Glória et al. (2006) with Holstein-Gir crossbreeds. Holsteins did not demonstrate any signifi cant eff ect of calf sex on milk production, whereas in the Gir and Guzera breeds, the eff ect of sex of calf on milk production and lactation was signifi cant. This result can be explained by the breeds' background. Holsteins have been bred for milk production for centuries and do not require the presence of a calf to yield milk, since calves are separated from their mothers shortly after birth. In contrast, the Gir and Guzera zebu breeds served a dual function when they were introduced to Brazil, being primarily raised as beef cattle (CRUZ, 2014; FERNANDES, 2015) . Since genetic selection for increased production of milk and its constituents took place only a few decades ago, the presence of a calf is still required for milk production.
Conclusions
In the Holstein herd studied, no significant difference was observed in accumulated milk production at 305 days relative to the calving of males and females.
However, in both the zebu breeds studied, the sex of the calf affected both the production of milk at 305 days and the duration of lactation.
The fact that zebu calves stay with their mothers until the end of lactation may explain the difference in results between taurine and zebu cattle, since the demand of male calves, which are generally larger, can increase stimulation, resulting in increased milk production by their mothers.
